In this work, we report a new and simple, but very useful, electron beam (EB) method for preventing the misting of inorganic materials. A law is suggested to predict the time required to achieve clear vision on misted transparent inorganic materials irradiated by an electron beam. Since the time to clear vision before the mist removal treatment ( o ) is largely dominated by the thermal conductivity (), the time to clear vision ( c ) as a function of EB irradiation dose (D EB ) can be expressed by the following equation ( c À 0 ¼ ðd c =dD EB ÞD EB ). Here, an initial rate (d c =dD EB ) of the time to clear vision against EB irradiation doses below 0.2 MGy is defined and evaluated for sapphire lens, silica glass and diamond windows. The initial rate for silica glass (6:5 Â 10 À5 s/Gy) is 6 AE 0:5 times higher than those of sapphire lens (1:2 Â 10 À5 s/Gy) and diamond windows (1:0 Â 10 À5 s/Gy). Charging, dangling bond formation and terminal atom conversion are the main factors in the success of the EB treatment for mist removal. When the contribution of adsorbed atom conversion and charging to the overall rate are 1:0 Â 10 À5 s/Gy and 0:2 Â 10 À5 s/Gy respectively, the contribution of dangling bonds should be 5:3 Â 10 À5 s/Gy.
Introduction
It is a serious problem that the lens of the endoscope used in many medical operations is often misted. In order to reduce the medical doctor's fatigue and to improve diagnostic accuracy, a procedure to ensure a blur-free endoscope lens is described. One of the proposed countermeasures to the present difficulties caused by misting borrows from the ability of the human eye to recover from blurring. The eye's tears are a key factor in achieving clear vision. Thus, we have tried to enhance wettability via commercially achievable, safe, and convenient irradiations. Plasma irradiation increases wettability. 1, 2) However, since plasma irradiation generally retains residual impurities in samples, the effect may not be reproducible. In contrast, sheet electron beam irradiation increases wettability while eliminating residual impurity atoms.
3) The mist free dentist's mirror, sapphire lens, and diamond window have been made possible by a sheet electron beam irradiation [SEBI] treatment with sterilization, in which the effective exposure times vary from a few minutes to a few hours. [4] [5] [6] To explain this variation, a law to predict the time taken to achieve clear, mist-free vision has been introduced for pure inorganic materials irradiated by an electron beam.
Experimental Procedure
Pure sample sheets of diamond, silica glass and endoscope's sapphire were homogeneously irradiated using an electron-curtain processor (Type CB175/15/180L, Energy Science Inc., Woburn, MA, Iwasaki Electric Group Co. Ltd. Tokyo). [3] [4] [5] [6] In particular, the specimen was irradiated by an electron beam through a titanium thin film window attached to a vacuum chamber (240 mm in diameter). A tungsten filament in vacuum generated the sheet beam. The acceleration potential and the irradiating current density were 170 kV and 4.0 mA, respectively. The sheet electron beam is the most important feature of the experiment. To ensure a homogeneous treatment, the samples were kept under the protection of nitrogen gas at one atmosphere having a residual concentration of oxygen below 400 ppm. EB irradiation was intermittently applied to control the temperature of the surface of the sample, and the irradiation time was kept constant at 0.23 s per cycle for a conveyor speed of 9.56 m/min. The temperature of the surface of the sample was below 323 K just after the irradiation. Repeated applications were used to increase the total dose of irradiation. The dosage was proportional to the yield value determined from the irradiation current (I, mA), the conveyer speed (S, m/min), and number of irradiations (N) according to the equation:
The surface electrical potential (128 kV) was estimated from the electrical potential (170 kV) and titanium window thickness (13 mm). The distance between the sample and the window was 35 mm. Based on the surface electrical potential of 128 kV and the density and thickness of the inorganic materials, EB treatment penetrated the full thickness of the sample. The yield value was calibrated by nylon dosimeters (Far West Technology, Inc. 330-D South Kellogg Goleta, California 93117, USA). Based on the density (: g/cm 3 ) and irradiation voltage (V: kV), the EB-irradiation depth (D th : mm) was expressed by the equation:
To measure the rate of mist removal, droplets were blown onto the surface at an approximate rate of 6 Â 10 À4 m 3 /s at 310 K under atmospheric pressure. The distribution of the radii of the fine drops on the diamond surface immediately after completion of the blowing was determined by means of a microscope and a videotape recorder. The time to clear vision ( c ) was measured using a videotape recorder. The starting point for measuring mist removal was considered to be just after the completion of blowing for 3 s under saturated vapor pressure. The minimum detectable time to clear vision was 0.2 s. Table 1 shows the clear time of sapphire lens, silica glass and diamond windows before EB irradiation. The results indicate that the time to clear vision of a sapphire lens for endoscopes is 19.0 s, which is shorter than that of silica glass (34.0 s) and is longer than that of diamond windows (5.5 s). The length of time to achieve clear vision is mainly dependent on the rate of water evaporation. Since the substrate acts as a heat sink for small water drops, the latent heat supplied to cause evaporation decreases the temperature of the water, resulting in a lower evaporation rate. If the thermal conductivity of a substrate material is large enough to maintain the temperature, a short clear time is expected. Figure 1 shows the relationship between the time to clear vision and the thermal conductivity of sapphire lens, silica glass and diamond windows. We verified that a short time to clear vision was correlated with a high thermal conductivity (). Therefore, an elevated thermal conductivity is one of the dominant factors in shortening the clear time. Figure 2 shows the changes in time to clear vision ( c ) of diamond, sapphire and silica glass against electron dose. EB irradiation decreased the value of c for all samples. After an EB exposure of 1.5 MGy, the c value of diamond window was small enough for practical use. 5) To demonstrate the effects of EB irradiation, values of the clear time reduction by the mist removal treatment (Á ¼ c À o ) were calculated. Figure 3 shows these values plotted against the EB irradiation dose for diamond windows, sapphire lens and silica glass. The effects of EB irradiation on the c values of sapphire lens and diamond windows were small but, in contrast, were significant for silica glass.
Results & Discussion

Effect of thermal conductivity on clearing time
Effects of EB irradiation on the decrease in clear time
To shed light on the effects of EB irradiation on the time to clear vision, charging, dangling bond formation, adsorbed atom conversion, and terminal atom conversion were studied for all materials. The change in the surface electron charge density versus electron dose on sapphire was detected by means of a Faraday cup with a coulomb meter. EB irradiation decreased electron charge density. Specifically, the amount of electron charge rapidly increased and saturated at a low electron dose. Charging was also observed for silica glass.
Adsorbed atom conversion for all materials was detected from the x-ray photoelectron spectra [XPS] of sapphire lens, silica glass, and diamond windows before and after electron beam irradiation. Following electron beam irradiation, the C (1 s) peak on the x-ray photoelectron spectrum shifted for all materials. The terminal atoms on the diamond surface changed from hydrogen atoms to oxygen atoms.
ESR spectra of silica glass were taken both before and after electron beam irradiation. The irradiation dose enhanced the ESR signal intensity with a g-value of 2.001. The ESR signal with a g-value of 2.001 corresponds to an E'-center, which is identified in silica glass as originating with silicon bonded to three oxygen atoms. 8) Dangling bonds were not detected for diamond windows and sapphire lens.
The changes in surface condition against irradiation dose on sapphire, silica glass and diamond are summarized and illustrated by Fig. 4 . EB irradiation shortened the time to clear vision. Although terminal atom conversion for diamond was a dominant result of the EB treatment above 0.20 MGy, below 0.20 MGy of EB irradiation, adsorption atom conversion affected all materials. The EB-treatment for mist removal on sapphire and glass below 0.20 MGy irradiation was slightly facilitated by electron charging. For mist removal on silica glass, dangling bond formation was the main contributor to the success of EB-treatment below 0.20 MGy of irradiation.
Design of clear time ( c )
The time to clear vision ( c ) below 0.20 MGy is assumed to be expressed by the following equation:
where o is the time to clear vision before mist removal treatment. Table 1 shows the initial rate of time to clear vision against the EB irradiation dose for sapphire lens, silica glass and diamond windows. The initial rate (5:3 Â 10 À5 s/ Gy) for silica glass is 6 AE 0:5 times higher than those of sapphire lens (1:2 Â 10 À5 s/Gy) and diamond windows (1:0 Â 10 À5 s/Gy). As summarized in Table 2 , if the contribution of adsorbed atom conversion and charging to the rate are 1:0 Â 10 À5 s/Gy and 0:2 Â 10 À5 s/Gy respectively, the contribution of dangling bond should be 4:1 Â 10 À5 s/Gy. Therefore, we conclude that the time to clear vision on misting could be deduced by using eq. (3). In particular, electron charging, dangling bonds formation and adsorbed atom conversion on a high thermal conductivity substrate were a useful tool to obtain mist free windows.
Conclusion
In summary, we studied the effects of EB irradiation on the time to clear vision of inorganic materials. The main facilitators of an effective EB-treatment for mist removal were charging for sapphire and silica glass, dangling bond formation for silica glass and terminal atom conversion for diamond, respectively. Adsorbed atom conversion caused by EB irradiation was also effective for all materials. Finally, in order to predict the time required to achieve clear vision on misted transparent inorganic materials irradiated by an electron beam, a mist removal law was defined. When o and c are the time to clear vision before and after the mist removal treatment, the mist removal law should be that the time difference ( c À 0 ) can be expressed by the following equation ( c À 0 ¼ ðd c =dD EB ÞD EB ). Namely, it should be as a function of EB irradiation dose (D EB ) and an initial rate (d c =dD EB ) of the time to clear vision against EB irradiation doses below 0.2 MGy. Here the time to clear vision before the mist removal treatment ( o ) is largely dominated by the thermal conductivity ().
In this work, we report a new and simple, but very useful, electron beam (EB) method for preventing the misting of inorganic materials. This approach should be an important scientific advance. Broad implications for our innovative EB treatment for misting elimination might include the production of inorganic transparent materials surface for endoscopes, dental mirrors and medical apparatus. This new treatment is a promising concept, which could be applied to 
